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A4ustralia..-In Queensland * * * the month was 
one of drouwht.' 

&~w~.-&ANA,  March 30.-A typhoon of moclernte 
intensity struck the island of Guam last. Saturday. raged 
four days and receded without causing loss of life, but 

ro erty claniage estimated a t  $XOO,OOO.--NPM~ 
l e a v i n v  I'ork or1 R , ilfnrch S l ,  10.23. 

Argmfina.-In Buenos Aires the unusually high March 
temperature of 94" F. recorded 011 the l%h, w;tis fnl- 

lowed by a fall of 3G" F. in 13 hours. Pressure rose 5 
nib. almost inst,ant,ly.' 

Bruzi7.- * * * In  the north the rainfall averaged 
53 iniii. below nomnial. In the cent.er the disti,hut,ion 
was ii-regular; in t,he south the fall averaged 100 nim. 
abore ~io:.ninl t.lie t?xccss being grcat.est in the estreme 
south. * * * There is st,iIl an nbsenco of int,ense 
ant~icyc1one.s tmd the general circulat.ion presents no 
unusual features.' 

DETAILS OF THE WEATHER IN THE UNITED STATES. 
GENERAL CONDITIONS. 

ALFRED J. HENRY. 

The single outstanding feat.ure or t,he 1iiont.h was t,lic 
steady Inarch of ant,icyclonic. alerts frnni t.he Yncil-iv, 
some of which entered the continent. north of tlic niontli 
of t,he C!oluinl>ia and ot,lirrs as far sout.li as t,hc iiiitltlle 
California coast.. 

As a direct result, of this niorcment,, tlrouglit. prtm.ilc11 
in the Pacific Coast St,at.es, also in the P1:itca.u rtxgioii, 
the nort.liern Rocky Mountains, nntl the upper perf ioiis 
of the Missouri and hfississippi Vallcys : t.lio most st ri lii!ix 
result,, however, was the unseasonable t.e1i1l>i%rilt,iIrcs 
recorclecl in many parts ol' the enunt.ry due to t,hc tr;iiis- 
port.ation of cold air from higher 1utit.ucIes. h t  ails 
appear in subsequent pages. 

CYCLONES AND ANTICYCLONES. 

By R. P. DAY. 

March, in contrtlst to the preceding month, showed 
greatly incrensed barometric nc tiri ty, a rapid suwcssion 
of cyclones and nnticyrlones passing mi thin the range of 
ohservat>ion. Twent low-pressure nreas were rioted nntl 
tracked, nine of wliicz were of the Alberta t v  e (Alnsknn 

tion from Alberta), but the more importtint storms hepnn 
as secondary develo nients over the south or southwest 
and several attainec P major intensity. 

Thirteen high-pressure areRs-anticyclones--\~cre oh- 
served and these incursions of denser air were quite ini- 
portant as cold waves in several instnnces. The cold- 
wave ty es are usually masses of cold air loosed €rnm the 
cold PO P ar cap which advance southward over c'nnacla 
when pressure conditions in the United States nre faror- 
able. Anticyclones nioving in from the I'itciiic do not, 
bring marked changes to colder. 

or North Pacific cyclones coming into the fielc e of ohscrva- 

FREE-AIR SUMAIARY. 

By L. T. SANUELR, hIeteorologist. 

The general characteristics of tlie average free-sir con- 
ditions for the month as a whole showed remnrkahly closc 
agreement with those for February, 1933, with respret, to 
de artures from normal. Thus it mill be. observed in 
Tn g le 1 that the temperature tlepart,iires were all nc..ptive 
escept in the upper levels a t  Grocsheck, L condition 
identicd with that found lmt month. The persist.rnw of 
large departures with increase in alt,itutle was likcwise 
most pronounced a t  the nort,hern sta.tions. 

The. vapor pressure departures confornd regn1:wly 
with those for temperatmure and the rclnLive humidit,y 
averaged in general somewhat, less than tlie norninl in the 

lnwer levels nncl ahore in the u >per levels, although prac- 

At, each of t.he six kite st.nt.in;is minimum hkrcli tom- 
erature rrcnrds were esceedctl :it, rnrious upper lerels. 

f'hcsc low t,emperat,urcs were ohscrrecl ns :I rille cluring 
the prevdence of severe cold waw conditions, n iiomber 
of which nccurrcd during the month. 

In Tiible 3 :ire slio\vn the rcsultaut wind velocities and 
rlirrctioiis €or tlic rnonbli niicl t.heir normal vtducs. A 
striking fc:i t,ure olwn.red in t,lic t d J c  is t.hc high resultant 
relori t.ics for t,he innnth :it all st.at.iona except J3r(IIlie11 
Arrow mid Grocshcck. The usuiil coniiect.inn found he- 
tmccn tlir rcsultnnt, wind dircct,ion nntl tlic temperature 
(le art.ures is esprcially wcll illust.rat,ed. At- l)rcscl i d  

ElPciii1nle wlicrc ncptirc. t.emperat.ure depart,urrs were 
grcntcst tlie north component. is found t,o escccrl t,he 
nnrnia.1 by an nppreci:ihle amount,. At, I tnyd Center, 
Hrokcn iirro-~-,-, and Due West. tlie sout,li corn orient, is 
decitlcdly lras t.linn normal while a t  Groeshec!, where 
iicgiit,irc t,eniprrat IWP clepwtures occurred in t,hc lower 
lercls and psit.ix-e clcpart.urcs in t.lie upper levels, the 
south coniponcnt. w : ~  less tlinii nornin.1 in the fornirr ljut 
cscedcd it, In t.lic 1:et.ter. 

IIig-li winds iwro f;.cqiiP:i t. during t.hc n:ont.h, thore 
being mort! t.li:Ln t,wice %s niimy (:1bsPrvd rc!ocitips of 
met.ers p r  scco~id or more 11,s ncc.urrcrl during M:wcli, 
IO??. 111t>:jo were ohscrvccl l>y metins of pilot Sn!loons 
iixd m c  gire!i in thc following tnhlr : 

ticdly a11 the dep:wt.ures TVWC Il ess than 10 per cent.. 

Stnli,r: I. Unto. 

- .. - _. - - -. _._ __ . _ _ _ _  .. -- 

rnmp Alfred Vnil, N. J .............................. 1R 
C';rmp I 3 e i i i i h i ,  (.;A. ................................. i 

........................................... 9 

nnlliii:! Ficld. J!. t.'. I 
Fort Iirnpc. N. V.. .................................. i 
Ilroli?n Arrorv, I.!kl:&.. ............................... i 
Fnrt l:iirti<, Vn. 
1)rt.srl. Nrbr.. ...................................... 
15llrnrlnlr. N. l>nk  ................................... 27 
Groril-di .Tp-;  ...................................... IS 

Dn .............................................. 24 
A c l l ~  Firld. 'res.. .................................. 1 I 
Lan?ine. hlirh.. ..................................... ................................ 19 

.. 
.............................................. ' ;: 

1; 

I h . .  i 
................................. 1)O 

..................................... 

..................................... 

In nrrlpr to verify the high velocities recorded at! Ellcn- 
dale on the 27th n i i d  n.t, Grocsheck on t.he 13th, L second 
obsermt.ion was 1~io.d~ ininiedin.t.ely after t.lic first. .zt. hnth 
of thesc st,nt.ioi?s mid the rcsu1t.s found were suhstnntidly 
tho smio, t,lierehy ntlrling t,o t,he cnntidonce which ni:iy 
gcnrrnllv he pln.c.cl-1 in sinz!e theoclnlite observet,ions 
even in kg11 wintls. 

Tho ohserrntion at, Cam.p Alfred Vnil on the 1Gth is 
cited heceuso of t,he ahiiormnllp rspicl increase in 6lie 
wintl speed at, n coni nratiwly shart, distance above the 

wind of but 0 meters per second ovorrun by a gale of 47 
sui-f:tce. The recort f ed velocit,ies indicated a surface 

1 1fcicorologkal Magarinc, April 192.7, pp. 6649. 
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meters per second 'ust 500 meters above. A strong 

found in the observations at several near-by stations 
althou h the extreme velocit and the rate of increase 

similar occurrence was found at  Kelly Field, Tes., on 
the 11th when the velocity increased from 13 meters 
per second at the ground to 40 at 600 meters above. 
Pressure conditions in the two cases were quite similar. 
Camp Vail was at  the time in the soutiheast uaclrant of 
a strong barometric depression which su 'lb sequently 
moved very rapidly northeastward ; Kelly Field was in 
the southwestern cluadrant of a LOW which later moved 
m idly northeastward and increased greatly in intensity. 

$he hurricane velocity of GO meters per second (133 
m. p. h.) observed at Camp Lewis, Wash., on the 19th 
at  2,000 nieters elevat.ion was an accompaniment of a 
disturbance of wide estent moving in over the Canadian 
Nort.liwest following the intense cold wave over the 
country at  this time. 

Winds of 40 meters per second or more reported on tlic 
7th over Oklahoma, Georgia, and North Carolina n t  ele- 
vations above 4,000 meters a pear si,pificant in view of 
the rapid east-northeastwar B movement of the severe 
cyclonic de ression central on that morning south of the 
southern d w  England const. I n  this same connection 
the great velocities recorded at  Groesbeck on tlie 24th 
n i q  be mentioned and seem very likely to be directly 
associated with t,lie unespectedly rapid movement of 
the pressure arcns over t.he western ancl central sections 
of tlie country at niid inimeriiately following t,his time. . in. pilot balloon obserrat.ions at 

inixeiise in altitucle ns follows: SoutTi n t  suiftice, cast 
at 2,000 meters, north at  2,500 meters, and west above 
3,000 meters. This turning is more characteristic of 
the summer season than of spring since the percentage 
of counterclockwise turning with altitude for south sur- 
face winds at  this station is normally less than 5 per cent 
€or spring whereas for summer it is 25 per cent. 

A cliurn:il series consisting of 9 kite flights was obtained 
at Groesbeck, extending from 7:25 a. m. of t,he 17t.h to 
9:50 a. m. of the lstli, during which time a severe cold 
mave arrived over this region. The average mnsiniuiii 
nlt.itude reached for the series was 3,165 meters, the 
highest flight being 3,939 met.ers a t  S: 5s n. 111. on t.he 17th 
ancl t,he lowest 2,707 iiiet,ers at 4: 51 a. in. on t,lie 1St.h. 
The wind at  the surface remained sout.lierly during t.lie 
first. 7 flights of t-he series, veering with increase in nlti- 
t,utlc t.o IlrrSW. above 2,000 meters elevat,ion. The first 
ericl:.nce of a northerly component appeared at the surface 
:it, 4 :  15 a. 111. of the 1St.h. This had reached the 1,000 
mct.er IC\-el hy G a. m. but had not estendecl above 1,300 
incters by 9:2l a. m. when tlie series was. ended. The 
pilot-balloon observation t.aken at  3 p. m. indicated sur- 
face north-northwesterly winds backing to WNW. at  
1,500 meters, when t,he hallooii was lost in stra.tus clouds. 
The presence of loll0 st,rntus clouds at this time and tlie 
fact t,lint they were moving froni t,he WSW. seeiiis to 
indicate t,hats the weclue of northerly air ciid not! extend 
above 1,500 meters afiitucle at this place. This fiwt is 

substantiation of t x is rather unusual condition was 

with a f titude were somewhat ry ess than a t  Camp Vail. A 

Both n. m. and 
Groesbec.l\: on the St P i showci-1 H bnckino of the wind with 

further borne out! bv the 7 p. m. cloud observation at 
Palestine, Tes., which was 10/10 strato-curnulua from tho 
south, there being no 7 p. m. observation available from 
Groesheck. The temperature distribution shows an 
abundance of interesting characteristics, one of the more 
striking of which was the gradual elevation of an inversion 
layer estending first from 1,000 meters to 1,400 meters 
until it  was found during the last flight to lie between 
1,800 meters and 5,200 meters. Its average lapse rate 
was roughly -3' per 100 meters. During the eighth 
flight a second inversion made its appearance, extendin 
froni the surface to 700 meters above, and the ninth an 
last flight showed this to have risen so that it reached 
froni 700 to 1,200 meters with an average lapse rate of 
-5' per 100 met,ers. 
TABLE 1 .-Free-air tem.perntiw8, relative humid~ties and vapor pressures 

during March, 1928. 

% 

TEHPERATURE (Of?.). 

. 
-1.91 -6.7 3.71 11.9 -1.8 G.8 -4.- 

-1.Q 0 . 6 - 4 . 2  
-1. -1.4 -4.3 
-1.6 -2.5 -4.1 
-1.0 -3.1 -4.3 
-1.1 -4.0 -4.6 
-1.0 -4.7 -4.6 
-0.6 -5.9 -4.3 
+0.5 -8.0 -4.2 

+1.7--10.0 -1.8 
+1.7 __.... ....._ 
+1.0 ...... ...... 
+0.3 .___.. ....__ 

+i.1-io.4 -4.3 

- -- I l l 1  

RELATIVE HUMIDITY (s). 
~ ~~ 

56 -6 
52 -7 
47 -10 

I !  ...._. I ...... . 
I I  

Surlace.. 
m...... 
500.. . _ _ _  
7%. . . .. . 
1,oTJo.. -. . 
1,250 .___. 4.10i-1.70! 
1.500.. .. . 3.591-1.55i 
?.Gib3 .._._ 2.69-1.26 
2,500.. .. . 3.22 -1.021 
3,000 .___. 1.11 -0.54 
3,500 ..... 2.M)--0.40 
4,000.. ._. 1.73 -0.34' 
4.507 .__.. 1 . 1  -0.291 
5,000.. . . . . 

VAPOR PRESSURE rmb.). 

~- 

, . . . . . . . . . 
?. sli:l. d 
2.43-o.ss 
2.131-0.90 
1.961-0.8i 
1.88-0.77 
1.631-0.64 
1.291-0.62 

0.68'-0. 53 
0.45; -0.51 

._...I ...___ I 0.27;-0.31 

0.94! - 0.56 

n.37:-0.38 

4.64+1.37 1.50-1.20 
4.23 +l. 70 1.24 -1.14 
3.90 +1.63 . _ _  __. . . . __. 
3.38+1.30 .._._. _.____ 
3.23+1.% _._.._ _..___ 
3.11+1.29 _..... ._._._ 

I I  
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TABLE Z.-Free-air resultant uinda, m. p .  8., dwi?rg Arm&, 1923. 
-- 

Royal Center, Ind. 
(225nr.) 

- - ~  . . . . . - . . 
Mean. %yearmean. 

I i (233m.) (381m.) ( 2 7 1 ~ )  (U4n8.1 (141m.) 
Gmesheck. Trx. Broken A r m ,  Okla. 1 Drexel, Nebr. I Due West, 8. C. Ellendale. N. Dsk. 

Altitude. 

(m.) --I-- __- 
Dir. Vel. Dir. Vel. 1 Dlr. Vel. Dir. \-el.l Dir. Ve1.1 Wr. 

- ~ - _ _ -  

-___ 

T H E  WEATHER ELEMENTS. 

By P. C. DAY, Meteorologist in Charge of Division. 

had a.ppeared in tlie British Northwest, and by the 
morning of t.he 30th had entered the United States with 
great strength between the Rocky hlountains and the 
Great Lakes, nud enetrated into tlie central vallo.ys dur- 
ing the last! clay o March and into the iiiore eastern dis- 
tricts by the first of April. This, too, was attended by 
severe cold for the season, and many points in central 

reviously, which showed some signs of abatino in ancl enstern dist,ricts again liad the lowest teinperatures 
ever observed so late in spring. 

Cyclones were numerous, and frequently well-defined 
during t.lw first hnlf of the month, articulnrly over tlie 
Great IAws and to the enstwnrd. &e outstanding st,orm 
of the month, howover. moved from its position in central 
l'esas on the morning of the lltli, to the southern end 
of Lake Michigan by thc morning of the 13th, developing 
grcilt force as IL moved ovcr tho midclle Mississippi Valley 
mcrl adjacent, territory. After leaving the Great Lakes, 
h o ~ e v e r ,  i t  lost energy rapidly, and was central over 
nortliern Neil- England 24 hours later RS n storm of on1 
moderate intensity. This storm WAS attended by hig 
winds, rain and snow over wide areas adjacent to its 

ath, and locnl storms of great severity occurred. attonded 1~ loss of life ancl lar e damage to roperty, thc details 

Asiclo from the s to rm of the 11th and 12th, other 
severe windstornls occurred locally during the first week 
of the month, and again on the 15th and 16th. The 
latter half of the month was comparatively free from 
storms of tllis character. 

The usurtl notes concerning damaging storms appear in 
a table a t  the end of this section. 

t,he month greatly coniplicatod the wind systems? ant 9 The froquent changes in pressure distribution durin 

the prerailing directions were not from common points 

P PRESSURE AND WINDS. 

The rapid changes in the atmospheric circulation dur- 
ing the several months of the past winter, referred to 

Pebruary, were renewed during March, and the inon81 as 
a whole more than mnin tained its reputation for un- 
pleasant weather, and, in some portions at least,, ran true 
to tradition concerning lwnb-like entrance and lion-like 
exit. 

The pressure for the month as compared with Qie nor- 
mal was, as during the preceding month, high over nearly 
all districts of the United States and Canada. the only 
exceptions bein the Great Lakes and St. Lnwrence 
Valle regions, w 5l  ere, unlike February, the averages were 
slight s ~7 less than normal. Pressure wtw distinctly above 
normal over the far Northwest, due to the presence of a 
well-develo ed anticyclonic. condition that persiskd dur- 
in much o P the month over t,liat region. 

%he pressure for March, 1913; as compared with the 
a.rts of the 

country, as mi lit be espect.ec1, though t P ie changes 
were unusually f arge over all district.s and parbicularly 
in the central and northwesterii distric-.ts, clue mainly t,o 
the abnormally high pressure of February. 

Among the more important anticyclones of the month 
were the follom~ng: 

On the mornin of the 17tll high pressure appeared in 

temperature, which duriiig tlle folloming twro dnys over- 
the far Canadianaor t .~~-rs t ,  nt.t,rn&d by a sharp fall in 

s read the Great Plains, c.ent,ral valleys and W'est, Gulf 
gates,  bring$? below-zero temperatures intlo the upper over estensire areas, as shown on Chart VI. 
Mississippi a ley and adjacent regions, and freezing 

the following 24 hours it moved rapidly to tlie Sout.h 
Atlantic coast, losin somewhat in severit.v of the at,- 

instances lower t-lian ever before reported so late in the 
month. Again, on the morning of the 37th. high pres- 
sure moved into the Northwestern Stat'es and during the 
following 48 hours overspread the northern and central 
districts to the eastward of tshe Itocky Mountains, with 
attending low temperatures, again breaking tlie record 
for low temperatures so late in the season at  a number 
of points in the central and northern districts. Before 
this anticyclone had passed off the Atlantic coast another 

z 
preceding month, showed diminution in all oi wllich appear in a t  7 ier parts of tf is  R Q V ~ ~ W .  

weather almost to the lower Rio Grande Valley. During TEMPERATURE. 

March was a mont,l~ of frequent and sharp tern crature 

earnlarks of winter more prominently than those of sprin . 
This wns particularly the c.ase in port.ions of New Englan 8 , 
where, on accnunt of the long, cold winter, and the fre- 
quent lacli of proper fuel or of even any at  times. the 
hopes undoubtedly nurtured that March would bring 
relief were cruelly disappointing. 

The first two weeks were moderately warm over the 
districts from tlie Rocky Mountains eastward, save during 
the second week when it was distinctly cold over t,lie 

tending cold, but sti fi giving teniperatures in numerous changes, and on many occasions the weather K ore tho 


